Objective: The purpose of this study was to assess correlation between variables of upper body balance, muscular strength, and power in cricketers belonging to different age groups. Methods: Forty-eight healthy male cricketers (26 adolescents aged 14-17 years and 22 adults aged 18-25 years) were recruited from Jamia Millia Islamia, New Delhi, India. After a warm-up, the participants underwent Upper Quarter Y Balance Test, backward overhead medicine ball throw test, and back-strength testing in a random order. 
INTRODUCTION
Cricketing activities involve various overhead throwing motions. 1 Repetitive cricketing activities place substantial loads on the throwing arm, which can lead to upper body injuries. [1] [2] [3] These injuries might affect performance in competitions and may lead to missed training sessions as well. 4 Balance, strength, and power are extremely important parameters for performance enhancement and prevention of injuries in sports persons. Findings on correlations between parameters of balance, strength, and power have been of particular interest in sports because it may provide rationales for assessment of injury risk and also for developing programs for preventing and rehabilitating injuries. 4 Association between these 3 performance parameters has been assessed previously in many research studies 2, [5] [6] [7] [8] [9] ; however, these studies are predominantly lower-body specific. Only 1 study 2 focusing on upper body performance could be found, in which correlations between isokinetic upper limb strength and upper extremity power were shown in a population of overhead athletes. Muehlbauer et al 5 investigated the relationship between variables of static balance, dynamic balance, isometric strength, and power in healthy young adults and found a significant association between isometric strength of plantar flexors and power. Explosive force production (power), measured by the performances in maximal vertical squat jump and standing long jump, correlated well with the variables of balance test in middle age and elderly men in a study conducted by Izquierdo et al, 9 who aimed to examine age-related changes in relationships between variables of balance and force production in men of different age groups. A significant positive correlation between isometric strength and muscle power of the lower extremities has also been reported in physically active older adults. 8 There is paucity in the literature regarding whether any relationship exists between the neuromuscular capabilities of upper body balance, muscle strength, and power in cricketers.
Many morphologic and neurologic changes occur during the process of growth and maturation. The maturational process contributes to significant differences in the onset, magnitude, and rate of change of various biological components across athletes of different ages. Moreover, the maturity status also attributes to changes in physiology with age. Because adaptations are dependent on the maturity status, correlations between upper body balance, strength, and power should also be age specific so that individualized prevention and rehabilitation programs can be tailored based on age. 6 A study 6 examined the relationship of balance with maximal isometric back strength and lower extremity muscle power measures based on maturity status in soccer players aged 10 to 18 years. Results of this study clearly suggested significant positive correlations among balance and strength and power measures, which were increasing with maturity.
Adolescence is a phase of the maturation process marked by dynamic change in physiological capabilities, physical parameters, sexual characteristics, and social interaction. 10 It is during adolescence that most of the talent identification takes place for early selection of talented individuals into the sports. 10, 11 It is important to investigate if adolescents, who have not yet attained adulthood, demonstrate poor, similar, or better performance than their adult counterparts. The authors hypothesize that significant correlations between measures of upper body balance, muscle strength, and power exists in cricketers. Information regarding the relationship of these 3 performance variables may help understand the role of age in determining the efficacy of different training regimes, and also it can help in developing injury prevention and rehabilitation programs. The aim of this study is to determine the correlation between variables of upper body balance, muscle strength, and power in cricketers belonging to different age groups.
METHODS

Design
A cross-sectional study design was chosen to investigate the associations between 3 variables: upper body balance, muscle strength, and power. Data collection per participant was conducted on a single occasion between the months of September 2016 and March 2017.
Participants
Cricket players were recruited from school teams and the university team of Jamia Millia Islamia, New Delhi, India. This study was approved by the Jamia Millia Islamia Ethical Committee. Players who reported any injury, fatigue, pain, or history of any surgery during the past 6 months were not included. Twenty-six adolescent (mean age = 16.42 ± .99 years) and 22 adult (mean age = 20.91 ± 1.74 years) players were randomly selected for the present study. Informed written consent was obtained from each player prior to data collection. Participant characteristics have been presented in Table 1 as mean values ± standard deviation.
Procedures
Participants were asked to wear loose and comfortable clothing and adequately hydrate before coming to the laboratory. On the day of testing, they were prohibited from consuming food, beverages, or any known stimuli (eg, caffeine) that would possibly enhance or compromise alertness during the investigation. Each player was instructed and verbally encouraged to give a maximal effort for each performance test. Testing was initiated after a standardized 15-minute warm-up, including whole body stretching exercises, push-ups, and medicine ball throws in different directions. After the warm-up, all participants completed 3 tests in a random order.
Upper Quarter Y Balance Test.
This test was used to test upper quarter stability and mobility and, as the name of the test indicates, it challenges the participant's balancing ability. The participant assumed a push-up position, with the feet kept shoulder width apart, to reach in superolateral, medial, and inferolateral directions on a Y balance test kit (Physio Needs Ltd., Dublin, Ireland), using the free hand with maximal effort (Fig 1) . The test was performed 3 times and was then repeated on the other hand. Total excursion 
Back Strength Testing.
This test was conducted using a digital back muscle dynamometer (T.K.K. 5402, Takei Scientific Instruments Co Ltd, Niigata, Japan). Each participant stood upright on the platform of the dynamometer while looking straight ahead with both arms hanging vertically and fingers extended downward in front of the thighs. The bar of the dynamometer, which was connected to a load cell embedded in the platform, was held in the hands while keeping the knees straight, and the lumbar spine was in 30°of flexion (Fig 2) . Finally, the bar was lifted steadily while the feet were kept flat on the platform without moving the arms and legs by straightening the entire trunk. Three maximal efforts were made by each participant with a 1-minute rest interval between the attempts. The highest reading out of the 3 was recorded. [15] [16] [17] Backward Overhead Medicine Ball Throw Test. This test was used to determine upper-body throwing power using a 3 kg medicine ball, which was thrown overhead as far as possible. At the beginning of the test, the participant was instructed to stand with the feet shoulder width apart and to hold the medicine ball in his hands. The hips and knees were then flexed by the participant to do the countermovement before the body was quickly extended at the ankles, knees, hips, and trunk, along with rapid hyperflexion of the shoulders to throw the ball overhead as far as possible (Fig 3) . The test-retest reliability for this test has been found to be 0.996 at P b .01. 18 The distance between the participant and the point at which the ball first struck the ground was measured in metres. The Pearson correlation test was applied to determine the correlation between variables of interest. If the value of correlation coefficient (r) was found to be 0.5, the correlation was said to be of large size; when r = 0.3, the correlation was said to be of medium size; and when r = 
Statistical Analysis
Fig 2. Back strength testing (lateral view).
0.1, the correlation was said to be of small size. 5 Scatterplot diagrams were constructed using GraphPad Prism, version 6.01 (Graphpad software, La Jolla, California) to demonstrate significant correlations between the performance variables.
RESULTS
Significant differences between the groups were evident for age, height, and weight (Table 1) at P b .005. Betweengroup differences were also observed for parameters of power and balance (on the nondominant side only).
Upper Body Balance and Muscle Strength
Significant correlations were not observed between variables of balance and back strength in any of the groups (Tables 2 and 3) .
Upper Body Balance and Power
Statistically nonsignificant correlations were detected between variables of upper body balance and power for both of the groups (Tables 2 and 3) .
Muscle Strength and Upper Body Power
Significant correlations between parameters of strength and power were observed for both of the groups at P b .05 (Tables 2 and 3; Fig 4) .
DISCUSSION
This is the first study to investigate the correlation between upper body balance, muscle strength, and power in cricketers belonging to different age groups. Main findings of the study suggested that there is a significant correlation between muscle strength and power in both adolescent cricketers and adult cricketers. Upper body balance was not found to correlate with muscle strength or power in adolescent and adult cricketers.
Findings of the present study demonstrate that there is no correlation between back strength and upper body balance in cricketers. Borms et al 2 had examined the correlation between isokinetic shoulder and elbow strength and upper body balance in adult athletes, and they found no significant association. The present findings are in accordance with their findings, and, therefore, it may be concluded that upper body balance performance does not relate to back muscle strength and vice versa in adult cricketers. To the best of the authors' knowledge, no study in which the adolescent population was chosen to test the correlation between upper body balance and muscle strength was found. Previous lowerbody-specific studies, too, had not found significant correlations between strength and balance 5, 7, 8 in adults, similar to the present findings. However, Hammami et al reported correlation coefficients of values r = 0.358 to 0.761 between back strength and lower body balance in soccer players aged 10 to 18 years. Because they had tested lower body balance in soccer players unlike upper body balance in cricketers in the present study, the differences in the results are obvious. Thus, the authors speculate that upper body balance performance is not dependent on back strength, whereas lower body balance performance is. Nevertheless, the present findings are not generalizable and need to be further researched upon in different athletic and nonathletic populations.
Findings of the present study suggest that there is no significant correlation between upper body balance and power in both adolescent and adult cricketers, which is in accordance with previous research done in nonathletic adults. 5, 7, 8 In contrast to the present results, Hammami et al 6 demonstrated a significant relationship between balance and power in postpubertal soccer players. However, this study examined the association between lower body power and balance in soccer athletes (mean age: 16 ± 0.3 years), which is different from the present study where upper body balance and power in cricket players was tested. Soccer athletes require greater lower body balance, strength, and power, unlike cricketers, who are overhead athletes and need considerable upper body balance, strength, and power in addition to lower body balance, strength, and power. It leads to the speculation that balance and power variables are found to be correlated in only athletes who are not involved in overhead activities. Nonetheless, to implement these results further, studies are required to test this speculation in individuals belonging to different sports.
Significant correlations existed between back muscle strength and upper body power in both adolescents and adult cricketers in the present study, which is in line with the results of previous studies examining the association between similar biomotor abilities of lower limb. 5, [7] [8] [9] Previous studies 22, 23 have also illustrated a significant relationship between upper body power and upper limb strength in female netball players and physical education students. Borms et al. 2016 2 also observed a strong correlation between upper limb strength (tested isokinetically) and power (tested using seated medicine ball throw test) in overhead athletes, which is also in line with the present findings. Because strength is a component of power, 2 this finding of was obvious and expected. Also, looking at the Pearson correlation coefficient values (r = 0.397 for adolescent and r = 0.499 for adult cricket players) that fall within the moderate range of correlation (ie, 0.3-0.5) the authors conclude that upper body power depends on back strength to some extent, and this needs to be verified by future cross-sectional studies.
Irrespective of age, the trend of correlations was found to be similar in both adolescents and adults, that is, upper body power and muscle strength significantly correlated with each other in both groups, and upper body balance did not correlate with either muscle strength or power in any of the groups. However, the degree of correlation tends to increase with increasing age, as can be seen on observing the increasing values of the Pearson correlation coefficient ( Tables 2 and 3 ) with r value almost touching 0.5 (indicates a large sized correlation) in the case of adult cricketers, thus indicating that the neuromuscular system continues to develop during the period of adolescence and leads to better performance during adulthood.
Limitations
To date, this is the first study which examines the correlation between upper body balance, muscle strength, and power in cricketers of different ages. However, the results of the present study are specific to the tests used to examine strength, power, and balance. These tests may not represent all of the components of upper body balance, power, and strength. Therefore, caution should be taken when generalizing results of this study.
CONCLUSION
Significant correlations between muscle strength and power in adolescent and adult cricketers suggest that training-induced adaptations in muscle strength may have an impact on upper body power in cricketers. Nonsignificant correlations between upper body balance and muscle strength and upper body balance and power found in the present study imply that these are independent upper body biomotor abilities and should be trained separately.
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